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Abstract 
The study investigated the effect on grip size of grasping objects with different size 
contact surfaces between the finger and thumb. People use information about size 
(spatial information) and shape (featural information) to form a grasp. Spatial 
information refers to subconscious calculations about the relationship between the 
object’s dimensions and the grasper’s co-ordinates in space. This includes the size of 
the contact surface relative to one’s body location. Featural information refers to 
perceptual object traits such as surface stability, and appearances that affect 
estimated object mass and volume. Both types of information can affect planning a 
grasp on the object. The stage of the grasp used to measure the grip size is known as 
the maximum grip aperture (MGA) during the reach and it has proven to be variable 
based on which information is used to form the grip at this stage of the trajectory. 
The current study aimed to further investigate the effect that object size and shape 
have on grip size by introducing a set of objects that differed in shape and contact 
surface size: a triangle, trapezium and square. Subjects were instructed to grasp at the 
surfaces on the top and base of the object between the index finger and thumb. The 
three objects differed in their spatial extent along the top contact surface but had the 
same base width thus altering the precision required for positioning the index finger. 
The objects also differed in their location of the centre of gravity  (COG), which 
varied along the vertical axis such that some objects had a lower COG, closer to the 
base, thereby shifting the location of the object’s average distribution of weight. The 
study introduced an alternative measure to compare with the MGA; the end grip 
aperture (EGA) just before the digits make contact with the object. This measure 
may afford a different result to the MGA in terms of its size relative to the object 
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information at that stage of the grasp. Grip orientation was also calculated at both 
stages of the grasp: grip orientation at maximum grip aperture (GOM) and grip 
orientation at end grip aperture (GOE). The results showed a significant difference in 
the MGA and EGA between the different objects. Grip aperture was shown to be 
largest for the square, and smallest for the triangle. There was no significant 
difference, however, in the GOM and GOE between the different objects. There was 
a significant difference between the two aperture sizes, MGA and EGA, and the two 
orientations, GOM and GOE, across all the objects. The MGA was larger than the 
EGA, and the GOE was larger than the GOM. The overall result suggests subjects 
used a larger grip size both during the reach and at the end of the grasp to execute a 
grip across a larger object with longer contact surfaces. In this instance, subjects may 
have used spatial information about the extent of the index finger contact surface and 
conformed a grip size to match this dimension.   
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Introduction 
Impetus for study 
Many studies have investigated visuo-motor interactions by studying how 
visual perception of objects informs motor control of the hand. Studies investigating 
the implementation of grasping in robotics (Miller & Allan, 2004; Carbone, 2013), 
and prosthetics (Bouwsema, der Sluis, & Bongers, 2010), have indicated that further 
improvements can be made to these applications to produce more accurate grasps by 
better understanding the human visuo-motor system. These industry applications use 
computer object recognition methods to define simple shape primitives within a 
complex object and then calculate the most efficient points of grip contact (Bowers 
and Lumia, 2003; Piater, 2002; Coelho, Piater, and Grupen, 2001;).  The current 
study aimed to establish grip patterns made by humans when grasping typical object 
shapes often used in computer visual object recognition studies for grasping objects: 
a square, triangle and trapezium. The outcome of the research may be of interest to 
engineers to improve computer object recognition methods and artificial limb 
movement. 
Measurements used in grasping studies: MGA and EGA 
The current research investigated the nature of grip formation when grasping, 
between the index finger and thumb, different object shapes with different size 
contact surfaces.  Previous research (Zaal & Bootsma, 1993; Bootsma, Marteniuk, 
MacKenzie & Zaal, 1994) has investigated the maximum grip aperture (MGA- 
greatest distance between the finger and thumb) during the reach toward different 
shaped objects with different size contact surfaces. However there is relatively little 
research into the end grip aperture (EGA) just before the digits make first contact 
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when grasping a novel set of object shapes. The MGA has been found to occur at 60-
80% of the grasp duration and its extent is considered to be relative to the object’s 
size. The size of the MGA varies considerably across studies. The EGA in 
comparison might prove a more absolute measure of grasping behaviour. 
Investigating a measure such as the EGA will contribute to a greater understanding 
of how a grasp is planned and to the type of environmental information a grasper 
uses.   
Spatial vs. Featural Information 
In the literature there is contention as to whether grasping an object with the 
finger and the thumb uses two types of information or just one. The spatial only 
hypothesis proposes that people move the finger and thumb independently to their 
respective target locations on an object and process the object’s spatial and featural 
information as locations in space relative to their body, head and limbs (Smeets and 
Brenner, 1999). The spatial hypothesis suggests that the best location to grasp an 
object accounts for both featural information (such as surface stability) and spatial 
information (such as contact surface size). These locations are identified in spatial 
terms and the movement trajectory of the individual digits is influenced only by the 
spatial locations of the targets after considering the featural information and spatial 
information at those target locations. Contact surface size and surface stability are 
considered spatial properties of an object and are reflected throughout the duration of 
the grasp.  
The alternative spatial and featural hypothesis argues there are two 
components to grasping: a transport component that uses spatial information about 
object location for the arm and wrist movement and a grip component that uses 
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featural information about the perceived object size, shape and orientation for the 
formation of the grasp with the fingers (Jeannerod, 1981). The spatial and featural 
hypothesis claims that the grasper uses spatial information about object location 
during the early trajectory and featural information about perceived object properties   
to form a grip on the object at a later stage.  As yet, neither of these two hypotheses 
has not been adequately refuted. 
Evidence from Neuropsychological Studies 
According to the two systems hypothesis in vision research, Goodale, Milner, 
Jakobson & Carey (1991) proposed spatial and featural information are processed in 
different cortical areas. Spatial information is processed in the dorsal stream of the 
occipital-parietal lobe whilst featural information is encoded in the ventral stream of 
the occipito-temporal lobe. The independence of spatial and featural cues is evident 
in patient studies where localized lesions to parts of the brain implicated in spatial 
and featural processing have caused deficits in processing this information (Milner, 
Dijkerman, Pisella, McIntosh, Tilikete, Vighetto & Rossetti, 2001).  Goodale et al. 
studied Patient DF who developed visual form agnosia, an inability to recognise 
visual form, after damage to the ventro-lateral occipital region and the parasagittal 
occipito-parietal region (Figure 1). DF could not scale her grip to the width of 
different sized plaques when asked to indicate their size using her thumb and finger; 
however she could form a MGA relative to the different size plaques when reaching 
out to grasp them.  It appeared that DF could not access featural information about 
the objects but retained the ability to guide a grasp using spatial information.  
Conversely, Milner et al. (2001) studied Patient IG who had developed optic 
ataxia. This is a deficit in visuo-spatial hand motor co-ordination, caused by dorsal 
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stream damage after bilateral lesions to the parieto-occipital cortex. IG was able to 
form an accurate manual size estimate by scaling her grip to the size of the object but 
could not scale her MGA when reaching out to grasp the object. This 
neuropsychological evidence strongly suggests that when grasping, the MGA is not 
formed based on the visual perceptual features of the object such as shape, size and 
orientation but rather is formed by calculating the position of the object’s features in 
space relative to the grasper body position.  
 
Figure 1. Lesions of patient DF. It shows lesions in the ventrolateral occipital 
regions (LOC), sparing V1 and a small left PPC lesion. Pictures show the lateral 
view of the right and left hemisphere and a ventral view of the brain underside. 
Figure from James et al., 2003, as cited in Rossit, S., Szymanek, L., Butler, S., & 
Harvey, M. (2010). Memory-guided saccade processing in visual form agnosia 
(patient DF). Experimental Brain Research, 200(1), 109–116.  Figure 1.  With kind 
permission from Springer Science and Business Media".  
 
Evidence from Perceptual Illusion Studies 
Other evidence for spatial coding of the MGA can be identified when 
grasping illusory stimuli. Franz, Heese and Kollath (2009) investigated how 
participants grasp a Muller-Lyer illusion stimulus where the perceived length of a bar 
is influenced by the orientation of other bars that adjoin onto its endpoints. When 
grasping in a closed loop condition, where participants have continuous vision of 
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their hand and the stimulus, the MGA scaled relative to the actual size of the target 
and not the illusion (Figure 2). Subjects were deceived however, in a perceptual 
judgment task where they adjusted a comparison bar to the size of the target stimulus 
or matched the target stimulus from a graded series of bar sizes.  Similarly, Aglioti, 
DeSouza and Goodale  (1995) used the Ebbinghaus Illusion where the perceived size 
of a circle is influenced by size of circles that surround it (Figure 3). The study found 
the MGA scaled relative to the actual size of the target in a grasping task and not the 
perceived size as indicated in a perceptual judgment task of matching. Both of these 
results suggest that the spatial information about an object is of primary importance 
when planning a grasp. 
Other studies have suggested that featural information may also be important 
when grasping. There is also evidence from some studies involving illusions that the 
MGA does scale relative to the perceived size of the object and not just its spatial 
extent (Pavani, Boscagli, Benvenuti, Rabuffetti, &Farnè, 1999; Daprati & Gentillucci, 
1997). This result is attributed to careful experimental design. The nature of the tasks 
for grasping and perception were matched in these studies resulting in an illusory 
effect on grasping as well as perception. Unlike Aglioti et al. (1995) where subjects 
had to compare the two disks in both displays when making a perceptual judgment 
but only needed to act on one of the disks when grasping, Pavani et al. asked subjects 
to attend to only one of the displays when grasping and when giving perceptual 
reports. Perceptual reports were made by comparing the centre disk in the display 
with a neutral stimulus outside the display. By matching the nature of tasks for 
grasping and perceptual judgments, the MGA was not immune to the Ebbinghaus 
Illusion. Daprati & Gentillucci (1997) used the Muller-Lyer stimulus and also found 
an illusory effect on the MGA when matching the grasping task with a perceptual 
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manual size estimation task but found the end of the grasp to conform to the actual 
size of the target and not the perceived size. This result in particular hints that the 
MGA and EGA may index different aspects of a grasp and be based on different 
information. These results would suggest that the extent of the MGA may be 
influenced by featural information while the grip aperture just before contact is 
mostly affected by spatial information alone.   
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure. 2. Muller-Lyer Illusion. Subjects were instructed to grasp the bars between 
the finger and thumb at the points indicated. Image adapted from Franz, V., Heese, 
C., & Kollath, S. (2009). Visual illusions, delayed grasping, and memory: No shift 
from dorsal to ventral control. Neuropsychologia, 47, 1518–1531. Figure 2. 
 
Fins-In Fins-Out 
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Figure 3 .Ebbinghaus Illusion. Subjects were instructed to pick up the centre disk on 
the left if they thought both disks were the same size; and pick up the centre disk on 
the right if they thought the disks were different. The instruction was reversed half 
way through testing. There were two types of trials: A.one where both centre disks 
appeared to be different sizes but were in fact the same size; and B. another trial 
where centre disks appeared to be the same size but were in fact different sizes. 
Figure adapted from Aglioti, S., DeSouza, J.F.X., & Goodale, M.A. (1995). Size-
contrast illusions deceive the eye but not the hand. Current Biology, 5, 679-685. 
Figure 1. 
 
Object Information Affecting Grasp Locations 
Evidence that the end of the grasp may require greater spatial accuracy has 
been provided by Goodale, Meenan, Bülthoff, Nicolle, Murphy & Racicot (1994). In 
their study, patient DF made contact at stable grasp points along asymmetrical 
objects despite being unable to discriminate whether two shapes were the same or 
different. Conversely, patient RV who had the same cortical lesions as patient IG 
chose unstable grasp points despite an ability to discriminate between differences in 
shape.   
Interestingly, Goodale et al. identified three distinguishing features of a stable 
grasp (Figure 4). Firstly, the opposition vector joining the two grasp locations passed 
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through the object’s centre of gravity (COG). Secondly, the opposition vector often 
corresponded to the axes of maximum or minimum diameter of the object. Thirdly, 
the grasp locations were located at regions along the circumference that provided 
stability when picking the object up such that the object did not slip out of the grip or 
fall to one side - these were often regions of maximum convexity or concavity in the 
case of asymmetrical objects. Despite surface stability appearing to be a featural 
property of the object, the patient with object agnosia, DF, managed to avoid 
contacting less secure parts of the object suggesting a spatial component to 
processing stable locations might be involved when grasping these objects.  (In this 
sense although stability of contact surface such as convexity and concavity might be 
considered a feature of the object reflecting how it is perceived visually, when acting 
on the object while grasping, this featural information should be considered spatial 
information about the most stable locations to grip the object).  
The evidence that the visuo-motor system programs grip formation using 
spatial co-ordinates could also indicate that the object’s contact surface size is coded 
spatially (in terms of a defined location in space) rather than featurally (in terms of 
perceptual differences in shape). Relative differences between the MGA and the 
EGA while grasping a variety of objects may assist us in teasing apart the influence 
of spatial and featural influences on grasping. 
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Figure 4. Distinguishing features of a stable grasp. The 'grasp lines' (joining points 
where the thumb and index finger first made contact with the shape) that were 
selected by the optic ataxic patient (RV), the visual agnostic patient (DF), and the 
control subject when picking up three of the twelve shapes. The four different 
orientations in which each shape was presented have been rotated so that they are 
aligned. Republished with permission of Elsevier Science and Technology Journals, 
from Goodale M.A, Meenan J.P., Bülthoff H.H, Nicolle D.A., Murphy K.J., & 
Racicot C.I. (1994).  Separate neural pathways for the visual analysis of object shape 
in perception and prehension. Current Biology, 4, 604–10. Figure 5.; permission 
conveyed through Copyright Clearance Center, Inc. 
 
The Effect of Shape and Size on the MGA  
  Verheij, Brenner & Smeets (2014) asked subjects to grasp different shaped 
3D objects all with an identical grasp axis of 6cm; all objects had the same maximal 
width, height and depth. They explained that a larger MGA could be used to 
approach objects with greater precision, to ensure greater collision avoidance, or to 
The effect of object size and shape on grip size 
 
   
   
12 
account for greater mass, greater perceived width and greater perceived volume 
(Figure 5). A predictive model was used to estimate the size of the MGA for all the 
objects based on each of these explanations. They found that the MGA was 
significantly lager for the  ‘cube’ and significantly smaller for ‘sphere’ than for the 
other objects. There were no significant differences in the MGA between the ‘plus’, 
‘block’ and ‘cylinder’. They concluded that the best fit to their predicted model for 
the effect of object shape on the MGA was to avoid colliding with the wrong parts of 
the object other than the contact surface. They reasoned that subjects are more 
determined to avoid contact with an inappropriate location on edges than with 
smooth surfaces and therefore open their hand more when grasping the cube (which 
is grasped at its edges) and less when grasping the sphere (which has no edges). This 
result suggests that contact surface size is taken into account at the start of the grasp 
and the spatial difficulty of executing the planned grasp is reflected in the MGA 
while the features intrinsic to the object are not.  
Figure 5. Objects grasped (pictured left to right)  ‘Cube’, ‘plus’, ‘block’, ‘cylinder’ 
and ‘sphere’. The blue markings represent an identical grasping axis width of 6cm. 
Republished with permission from the authors. Verheij, Brenner & Smeets (2014). 
The influence of target object shape on maximum grip aperture in human grasping 
movements. Experimental Brain Research, 232, 3569–78. Figure 2.  
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Zaal and Bootsma (1993) also asked subjects to grasp differently shaped 
objects, with different size contact surfaces along the horizontal axis, and found a 
significantly larger MGA and slower movement time for ‘oblate’ objects compared 
to ‘round’ objects.  The ‘oblate’ objects were constructed from short cylinders where 
a section of the ‘top’ and ‘bottom’ of the circular face was removed to form a bar 
with two rounded edges with small grasp surfaces (Figure 6). The round objects were 
the unaltered version of the short cylinders; these maintained the fully circular grasp 
surfaces. The larger MGA on approach to the ‘oblate’ objects was taken to suggest a 
more cautious approach is required when the surface of an object is perceived as 
constrained or difficult to grasp.  A result that is in opposition to that of Verheij, 
Brenner & Smeets (2014) which suggested that a more ‘difficult to grasp’ object was 
not one that presented a smaller grasping surface, such as the 3D ‘plus’ in figure 5.   
However it should be noted that in this study subjects may be grasping along 
a longer horizontal axis for the oblate object compared to the round object. The 
minimum distance between any two permissible contact points on the oblate object is 
greater than for the round object. The round object has a contact surface that curves, 
thereby creating a number of shorter distances with which a grip between the finger 
and thumb could be achieved. This difference in the length of the grasping axis 
between the objects may have caused the MGA to be greater for the oblate object 
and thus confounded the finding that the larger MGA was due to a different 
calculation of the appropriate target locations for the grasp between the oblate and 
round objects. It should be noted that the possible shorter grasp lengths on the round 
object would not pass through the object’s centre of gravity. Further measurements 
of the EGA and location of contact for these objects, including whether the grip 
passes through the centre of gravity, may add clarity to the results of this study.  
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Figure 6. Objects used in Zaal, F.T.J.M., & Bootsma, R.J. (1993). Accuracy demands in 
natural prehension. Human Movement Science, 12, 339-45. Adapted from Figure 1. 
 
In contrast to the above finding that smaller contact surfaces result in a larger 
MGA, there is other evidence suggesting an inverse relationship. Bootsma, 
Marteniuk, MacKenzie, and Zaal  (1994) found a larger MGA and shorter movement 
time for larger contact surfaces. The objects they used were 16 rectangular wooden 
blocks, varying in length (3, 5, 7, or 9 cm) and in width (always having square sides 
of 0.5, 1.0, 1.5, or 2.0 cm) (Figure 7). The objects were always grasped along their 
length and were picked up by bringing the fingers into contact with the sides. The 
researchers reasoned that a faster movement to larger contact surfaces suggested that 
the accuracy constraints were reduced and required less caution on the speed of the 
approach compared to smaller contact surfaces. Perhaps a faster movement towards a 
less constrained area produced a larger MGA to increase chances of contact during 
faster, less precise movements. These suggestions agree with the speed-accuracy 
trade-off phenomenon (Girgengarth, Bock & Jungling, 2004) and highlight the 
difficulty of interpreting the various studies in this area relative to each other.  
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7cm 5cm 3cm 
5cm 7cm 
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Figure 7. Objects used in Bootsma et al. (1994). The figure illustrates the four different contact 
surface sizes (or widths) for the 3cm long object as described in Bootsma, R.J, Marteniuk, R.G., 
MacKenzie, C.L., & Zaal, F.T.J.M. (1994). The speed accuracy trade-off in manual prehension: 
Effects of movement amplitude, object size and object width on kinematic characteristics. 
Experimental Brain Research, 98, 535-541.  
An Overview of Featural Information influencing the MGA  
The spatial only hypothesis of Smeets and Brenner (1999) suggested a model 
where featural qualities of the object such as perception of weight and surface 
stability will produce different accuracy constraints that affect the approach of the 
hand movement. Crucially, subjects will strive for higher accuracy for heavier and 
slippery objects such that they use a larger MGA earlier in the movement (as the 
featural information is used to plan the grasp locations) and longer movement time 
for planning the approach to precise contact locations on the object. The spatial and 
featural hypothesis would predict that the influence of featural information becomes 
apparent much later in the grasp as the featural information becomes important in 
shaping the grip after the reach trajectory is planned.  
Steenbergen, Martenuik, and Kalbfleisch (1995) found that subjects grasped a 
filled cup of coffee with a larger (but not significantly larger) MGA than an empty 
cup and the MGA occurred significantly earlier during a slower movement. Weir, 
Marteniuk, MacKenzie, and Cargoe (1991) found no effect of surface roughness on 
the size of the MGA however it occurred significantly earlier during a slower 
movement for slippery surfaces. Smeets and Brenner reported that although not all 
The effect of object size and shape on grip size 
 
   
   
16 
studies found a significant effect on the MGA size when grasping objects with 
certain perceptual qualities, all other significant effects such as relative time of the 
MGA and grasp duration were in the direction that their ‘featural component ‘ of the 
spatial only hypothesis predicted.  
Smeets and Brenner’s model indicated that a larger MGA occurring earlier 
during a slower movement may be used under conditions of increased featural 
difficulty but given the different results of the MGA size in Verheij, et al. (2014), 
Zaal & Bootsma (1993), Bootsma et al. (1994), Daprati & Gentillucci (1997) and 
Franz et al. (2009), it leaves open the question of whether and at which time the 
featural or spatial aspects of the object are reflected in the grasp. These different 
results for the MGA gave the current study opportunity to introduce the EGA as a 
comparison measure of examining the relationship between contact surface size and 
grip size. By studying the EGA, it may shed further light on the environmental 
information used to form a grip on the object.  
Grip Orientation 
Grasp orientation relative to the grasping axis has also recently been 
investigated as a useful indicator of the origin of constraint on a successful grasp. In 
a recent study, Bingham and Mon Williams (2011) asked subjects to grasp a 
cylindrical dowel, along its horizontal width axis, where both the index finger and 
thumb contact surfaces (termed ‘buttons’) varied in width on different dowels despite 
the length of the dowel remaining constant and being embedded in a 3D block 
(Figures 8 and 9). This variation in ‘button’ size created a maximum angle between 
the thumb and finger contact surfaces with which subjects could still make contact. It 
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also varied the maximum object extent, ‘the object dimension that must be spanned if 
the grasp aperture is sufficiently tilted’.  
Even though the smaller buttons created a smaller object angle, subjects 
produced a larger grasp orientation for these dowels. This result was both the case 
during the reach at the time of the MGA and at the end of the grasp at the time of the 
terminal grip aperture (TGA) - the equivalent to the current EGA. This seems 
counter intuitive when the larger button widths provided more contact surface to tilt 
the grip aperture at a greater orientation. The larger orientation at the MGA for 
smaller width contact surfaces may have been used for a greater angular perspective 
when targeting a perceptually constrained area; grip orientation in this instance might 
be a response to the object’s perceived visual features rather than conforming to the 
exact spatial dimensions. 
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Figure 8. A series of three dowels of same object width and different size contact surfaces (or 
‘buttons’) as described in Bingham and Mon Williams (2011). Discovering affordances that 
determine the spatial structure of reach-to-grasp movements. Experimental Brain Research, 
211, 145–60.  
 
 
Figure 9. The object that was grasped in Bingham and Mon Williams (2011) showing a 
wooden block with the dowel inserted 1cm from the top. The figure illustrates the dowel 
width (the dimension of the dowel spanned by grasping along its horizontal axis; the block 
width was 1 cm shorter in each case), the contact surface area at the ends of the dowel called 
‘‘buttons’’, the maximum object extent (MOE) which is the object dimension that must be 
spanned if the grasp aperture is sufficiently tilted), and the angle formed by the button 
surfaces given their width and the dowel width. This angle determines how much the grasp 
aperture can be tilted whilst still allowing for the finger and thumb to make contact with the 
button surfaces. Republished with permission of Springer Science and Bus Media B V, from 
Bingham and Mon Williams (2011). Discovering affordances that determine the spatial 
structure of reach-to-grasp movements. Experimental Brain Research, 211, 145–60. Figure 
1.; permission conveyed through Copyright Clearance Center, Inc.  
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Aims and Hypotheses  
The current study aimed to assess whether the grasps are planned to target 
locations or influenced at a later time by the features of an object by assessing 
differences in the MGA, EGA and grip orientation when grasping differently shaped 
objects with different contact surface sizes. In the current experiment subjects 
grasped the different object shapes along their vertical axis between the finger and 
thumb. They grasped a triangle, trapezoid, and square each presented at three 
different heights. Three different heights were used to reduce learning effects and to 
assess whether differences in grip aperture and orientation occur for differently 
shaped objects at different sizes. For example, Bingham & Mon Williams (2011) 
found that the differences in grip aperture and orientation decreased as the object 
length increased along the grasping axis and approached the maximum span of the 
digits.  
In the current experiment, the triangle, trapezium and square were chosen 
such that the base widths at each shape height were all the same size across each 
object for the thumb contact surface and only the top contact surface for the index 
finger varied. This meant that each object differed in its spatial information in terms 
of its index finger contact surface size, and also its featural information such as 
contact precision, collision avoidance, mass and volume. Symmetrical objects were 
chosen to reduce the possible number of naturally acceptable grasp locations to those 
required of the participant. The experiment aimed to test the effect these attributes 
had on the grip size. 
It was hypothesised that the maximum grip aperture (MGA) would increase 
as the index finger contact surface size decreased because a greater perpendicular 
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approach would allow more scope during the reach to plan contact onto a precise 
contact surface. Conversely, the end grip aperture (EGA) was hypothesized to 
increase as the digit contact surface size increased because a larger aperture on 
contact with objects with smaller contact surfaces such as the triangle would be an 
ergonomically uncomfortable fit between the digits and this pattern accords with the 
spatial theory of grasp planning. A larger EGA for the smaller surface size would 
suggest that the features of the object, such as surface stability, affect the later stages 
of grasp planning.   It was also hypothesised that the grip orientation at the maximum 
grip aperture (GOM) and the grip orientation at the end grip aperture (GOE) would 
increase as the digit contact surface size increased because the angle created between 
the vectors representing the maximum object extent becomes larger as the digit 
contact surface increases and the grip would orient to this spatial dimension during 
the reach and at the end of the trajectory for planning a comfortable, ergonomic grip 
onto the object. 
Method 
Participants 
      The 10 participants in this study consisted of staff and students from the 
University of Western Sydney. There were 4 males and 6 females, all right handed. 
Ten participants is common practice for grasping studies as indicated in the literature. 
The University of Western Sydney Human Research Ethics Committee approved the 
project (Approval No. H9030).  
Equipment 
Shapes. Subjects grasped three different black plastic shapes, all 12mm thick: 
a triangle, trapezoid, and square. The three shapes came in three different sizes: 5cm, 
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6cm and 7cm (see Figure 10). These dimensions specified the same vertical height 
and base width of the shape. Three sizes were used to reduce learning effects and to 
test for differences in grip size between the shapes as the size of the object 
approached the maximum grip span of the digits. The subjects grasped the top and 
base of the shape between the index finger and thumb (Figure 14). The maximum 
object extent (MOE) was defined as the greatest distance between the contact 
surfaces as measured diagonally (red vectors in Figure 10). This was different for 
each object such that the square had the largest MOE, followed by the trapezium 
then triangle.  The angle created by the vectors representing the MOE was greatest 
for the square, followed by the trapezium then triangle.  
The centre of gravity (COG) was defined as the geometric centre of the 
object (or centroid) in a uniform gravitational field. This varied along the vertical (y) 
axis for all three shapes such that the triangle, which had the smallest index finger 
contact surface, had the lowest COG, followed by the trapezium and then the square 
(yellow circle in Figure 10). The location of the COG also defined the COM (centre 
of mass) such that the average distribution of mass was lowest along the vertical axis 
for the triangle, then trapezium, and square. Figure 11 depicts the relationship 
between the length of the contact surface for the index finger and the COG for each 
object. The 7cm triangle has a COG at almost the same height as the 5cm trapezium 
while the 7cm trapezium has a COG almost equivalent to the 6cm square despite 
these shapes having very different index finger contact surface sizes.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
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Figure 10. Subjects grasped three different shapes of three different sizes. Each 
shape size had the same height x base dimensions (cm). Yellow circle = COG. Blue 
mark = angle: triangle  = 54°, trapezium=75°, square= 90°. Red vectors = MOE (cm). 
(a) 5 x 5 triangle, MOE = 5.55; (b) 5 x 5 trapezium, MOE =6.2; (c) 5 x 5 square, 
MOE= 7.1; (d) 6 x 6 triangle, MOE =6. 7 (e) 6 x 6 trapezium, MOE=7.5; (f) 6 x 6 
square, MOE = 8.4; (g) 7 x 7 triangle, MOE=7.8; (h) 7 x 7 trapezium, MOE =8.7; (i) 
7 x 7 square, MOE =9.9. 
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Figure 11. The location of the COG along the vertical axis for different size shapes 
with different size contact surfaces.  
 
Magnetic board.  A magnetic green chalkboard was mounted to a wall 
aligned perpendicularly with the participant’s seated position. The shapes were 
installed with a magnet so that subjects could reach and grasp them off the board. 
The magnetic force was weak so subjects could easily lift them from the board 
without any extra effort.  
Optotrak Certus 3-D Motion Capture System. An Optotrak Certus Motion 
Capture System (Northern Digital Inc.) tracked the subject’s hand movement with 2 
infrared markers attached to the ulna side of the thumb and radial side of the index 
finger on or near the distal interphalangeal joint of the right hand (see Figure 12). 
The markers were positioned so they had the best chance of being detected by the 
sensor when grasping. The Optotrak sensor was positioned above the participant on 
the wall approximately 2-3 metres away. An alignment was made using the digitising 
probe in software program First Principles (Northern Digital Inc.) prior to the 
commencement of the study. A new co-ordinate system was created based on the 
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shapes’ position on the board. The sensor was calibrated at the start of each 
experiment in MATLAB R2011a™ (The MathWorks Inc.) using The Optotrak 
Toolbox (Franz, 2004). The sensor sample rate was set to 100 frames/s.  
 
       Figure 12. Positioning of the IRED markers for Optotrak data collection. 
 
PC.  A PC (Intel i5 CPU, running Windows XP) was used to run a MATLAB 
(MATLAB 2011a
TM
,
 
The MathWorks Inc.) program designed to control the Optotrak 
Certus for collection of hand tracking data. The MATLAB program used the 
Optotrak Toolbox  (Franz, 2004) in combination with our own program. 
Procedure 
Set-up (see Figure 13). Participants were to reach and pick up small plastic 
shapes from a magnetic board positioned in front of them on a wall. They were 
seated on a chair 60.5cm from the floor. Each shape was positioned with its base 
18cm above a table on which participants rested their hand. Participants were 
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instructed to listen to cues initiated from a PC and to pick up the object from the 
board with the index finger and thumb on its top and base respectively (as 
demonstrated in Figure 14).  
All trials were controlled by the experimenter from the PC. At the start of a 
trial, participants rested their hand on the table with their finger and thumb touching 
together 40 cm in front of the board. This starting location was indicated by a mark 
on the table in front of the subject.  They were told by the computer program to 
‘close your eyes’ at the start of a trial as the experimenter positioned the shape. This 
ensured participants viewed the shape for a standard duration before enacting the 
grasp. Participants then heard a command to ‘open your eyes’ and one second later a 
‘ding’ indicated they should grasp the shape. After grasping, they placed the shape 
down for the experimenter to remove and returned their hand to the starting position 
for the next shape to be presented. Subjects did not receive any feedback about their 
movements. Subjects grasped within a two second timeframe indicated by audio cues 
for the start and end of grasp recording. An instruction statement for participants is 
included in the Appendix. 
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Figure 13. Experimental set-up of subject grasping the object from the board.  
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Figure 14.  A subject demonstrating the grip on the top and bottom contact surfaces. 
 
Number of trials and duration. Each participant performed 90 trials 
consisting of 10 repetitions of each of the nine objects  (3 shapes of 3 sizes each). 
The computer program randomised the order of the shapes. Subjects took a three-
minute break after 45 trials. Subjects undertook a few practice trials before the 
experiment began. The total duration was approximately one hour.    
Data Collection 
Raw Data. The MATLAB program designed to control the Optotrak from 
the PC calculated the grip aperture and grip orientation between the markers for the 
duration of the grasp for each trial. It collected the markers’ 3D co-ordinates and 
calculated the 2D distance between the markers as the grip aperture using the 
equation for the distance between two points in 2D space: 
d= √(𝑋2 − 𝑋1)2 − (𝑌2 − 𝑌1)2. The 2D calculation was used rather than 3D, as we 
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were interested in the size of the grip relative to the visible 2D shape surface in the 
XY grasping plane.  
The 2D grip orientation was calculated by forming right angle triangles from 
the straight line distances between the 2D marker co-ordinates and then finding the 
angle of the vertex using trigonometric functions: arcsine, arccosine and arctangent. 
A grasp with an angle of 0 degrees represents a situation where the index finger 
marker was vertically above the thumb marker in the XYplane. An angle of 90 
degrees represents a horizontal arrangement of the index finger and thumb. For each 
grasping trial 200 grip aperture and orientation calculations were collected in a data 
matrix representing calculations taken at 100 frames/s over the 2 s trial. 
Data Analysis. Offline post hoc analysis was performed in MATLAB using 
each subject’s raw data. The program calculated four grip size parameters for each 
trial. (1) The maximum grip aperture (MGA) was calculated as the greatest distance 
between the index finger and thumb markers during the reach. (2) The end grip 
aperture (EGA) was calculated as the distance between the index finger and thumb 
markers at the end of the reach 2 mm before touching the object. The location of the 
EGA was determined by subtracting 2mm from the point of touching the object 
along the third (depth) dimension. The point of touching the object was determined 
by subtracting the distance of the hand markers from the object’s origin whilst 
griping the shape. It was thought that grip measurements at this location might be 
less variable than the MGA. (3) The grip orientation at the maximum aperture 
(GOM) was calculated as the angle away from vertical between the finger and thumb 
markers at the MGA. (4) The grip orientation at the end grip aperture (GOE) was 
calculated as the angle between the finger and thumb markers at the EGA.   
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The program calculated two duration parameters for each trial where the start 
of the grasp was defined by the frame where the index finger reached a velocity of 4-
5mm/10ms in 3D given the program recorded one frame every 10ms. (1) The ‘grasp 
duration’ was calculated as the time between the start frame and the EGA. (2) The 
‘relative duration to the MGA’ was calculated as the time taken to reach the MGA as 
a percentage of the grasp duration.  
The program then calculated the mean and standard deviation from each 
object’s trial data for all grip size parameters and grip duration parameters. Trials had 
to meet several criteria for inclusion to the grip size analysis. Trials were excluded if 
subjects started to grasp before the cue; if the grasp was not completed within the 2s 
timeframe; if the MGA or EGA occurred within the first five frames (.05 s) of the 
grasp; if there was missing data due to occluded markers; or if the grip size 
parameter was 2 SD above the mean for that object. In total, 1.78% of trials were 
discarded for the grip size analysis. Trials were further excluded from the grasp 
duration results if the index finger was already moving faster than the start frame 
threshold of 4-5mm/10ms. 43.4% of trials were excluded from the grasp duration 
statistics including all trials for one participant. 
Results 
The results were derived from statistical tests carried out on the processed 
data resulting from the processing outlined in the Methods section.  Tests were 
carried out to assess differences in grip aperture and grip orientation across the 
different objects.  Descriptive statistics are reported for grasp duration for the 
different objects.  
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Grip Aperture and Grip Orientation  
Statistical analysis was carried out in SPSS
TM
 (IBM) with the aim to study 
the effect of the grasping surface extent (which varied with the shape) and the size 
(the vertical extent and the base length) on the grip aperture and grip orientation size. 
Two three-way repeated measures ANOVAs were performed using each subject’s 
averaged trial data, one for grip aperture size and another for grip orientation size. 
Independent variables included shape with 3 levels (triangle, trapezium, square), size 
with 3 levels (5cm, 6cm, 7cm), and stage of grip aperture/grip orientation with 2 
levels (MGA, EGA/ GOM, GOE). Further post-hoc statistics were carried out using 
paired samples t-tests.   
Grip Aperture. Figures 15 and 16 show that subjects produced a larger 
MGA and EGA when grasping objects of larger shape and size. The triangle 
produced the smallest MGA and EGA while the square produced the largest.  
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Figure 15. Mean MGA  showing within-subject 95% CI  error bars when 
grasping different size shapes.  
Triangle 5cm
Trapezium 5cm
Square 5cm
Triangle 6cm
Trapezium 6cm
Square 6cm
Triangle 7cm
Trapezium 7cm
Square 7cm
The effect of object size and shape on grip size 
 
   
   
31 
 
 
The three-way repeated measures ANOVA for the grip aperture size showed 
that the assumption of sphericity was violated for the main effect of shape χ2(2, 
N=10) = 6.055, p <.01 and size χ2(2, N=10) =10.354, p <.05. Therefore degrees of 
freedom were corrected using Greenhouse-Geisser estimates of sphericity for shape 
(ε=0.579) and for size (ε=0.653). The results showed a significant main effect for 
shape F(1.159, 10.429) = 21.96, p< .01, η2p=.71 and size F(1.306, 11.578)=181.54, 
p< .01, η2p=.95. Observed power was .99 for the effect of shape and 1 for the effect 
of size. There was no significant shape x size interaction F(4,36)=1.8, p>.05, η2p=.17. 
Observed power was .49. 
There was also a significant main effect of grip aperture stage F (1,9)= 12.05, 
p < .01, η2p=.57. Observed power was .87. There was a significant grip aperture stage 
x size interaction effect F(2,18)=7.3, p < .01, η2p=.45.  Observed power was .89. 
Following this significant interaction the subjects’ MGA and EGA scores were 
collapsed across shape at each of the three object sizes and the within subject 
averaged MGA-EGA difference scores were tested using paired samples t-tests 
between the object sizes using the corrected alpha=.017. The mean MGA-EGA 
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Figure 16. Mean EGA  showing within-subject 95% CI  error bars when 
grasping different size shapes.  
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difference scores were significantly different between the 5cm objects (M= 3.07, 
SD=2.39) and 7cm objects (M=1.88, SD=2.03) but not between the 5cm and 6cm 
objects (M= 2.62, SD=2.64) and between the 6cm and 7cm objects (Table 3). On 
average the MGA-EGA difference score was greatest for the 5cm objects and 
smallest for the 7cm objects (Figure 17). 
Mauchly's Test of Sphericity was violated for grip aperture stage x shape 
interaction χ2(2,N=10) = 7.93, p <.05. Therefore degrees of freedom were corrected 
using Greenhouse-Geisser estimates of sphericity for grip aperture stage x shape 
(ε=.614). The results showed no interaction effect F(1.23,11.05) = 1.539, p >.05, 
η2p=.15. Observed power was .22. There was also no grip aperture stage x size x 
shape interaction effect F(4,36)=.736, p >.05, η2p=.08. Observed power was .21.  
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Figure 17. Mean grip aperture showing within-subject 95% CI error bars  
when grasping different size objects. 
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Table 3.   
Paired samples results for MGA-EGA difference scores 
Object Size 
Mean 
difference 
N 
95% CI for 
Mean Difference 
r t df 
5cm v. 6cm .46 10 -1.4, 1.05 .95^ 1.74** 9 
6cm v. 7cm .74 10 -1.2, 1.6 .9^ 1.94# 9 
5cm v. 7cm 1.2 10 .54, 1.86 .93^ 4.1* 9 
*p<.017. ** p=.116. #p=.084. ^p=0. 
 
Grip Orientation. Figures 18 and 19 show that subjects produced a larger 
GOM and GOE when grasping larger shapes of the same size. The triangle produced 
the smallest GOM and GOE while the square produced the largest.  
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Figure 18. Mean GOM showing within-subject 95% CI error bars when 
grasping different size shapes    
Triangle 5cm
Trapezium 5cm
Square 5cm
Triangle 6cm
Trapezium 6cm
Square 6cm
Triangle 7cm
Trapezium 7cm
Square 7cm
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The ANOVA showed no main effect of shape on the grip orientation size 
F(2,18)=2.63, p>.05, η2p=.23. Observed power .46. There was no main effect of size 
F(2,18)=.18, p>.05, η2p=.02. Observed power was .07. There was a significant main 
effect of grip orientation stage F(1,9)=29.28, p< .01, η2p=.77. Observed power was 1. 
On average the GOE was .73mm larger than the GOM. 
  There was no shape x size interaction effect F(4,36)=.83, p>.05, η2p=.08. 
Observed power was .24. There was no grip orientation stage x size x shape 
interaction effect F(4,36)=1.7, p>.05, η2p=.16.  Observed power was .47. Mauchly's 
Test of Sphericity indicated that the assumption of sphericity was not violated for 
any of the tested effects. 
Grip Orientation vs. Grip Aperture. Figures 18 and 19 hint that there may 
be an effect of shape on the GOM and GOE so the scatter plots in Figures 20 and 21 
were created to highlight a possible relationship between shape and orientation. Both 
figures show a very weak relationship between shape and grip orientation whereas 
the relationship between grip aperture and shape is stronger. 
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Figure 19. Mean GOE showing within-subject 95% CI error bars when 
grasping different size shapes    
Triangle 5cm
Trapezium 5cm
Square 5cm
Triangle 6cm
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Trapezium 7cm
Square 7cm
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           Figure 20. MGA vs. GOM as a function of shape. 
 
 
      Figure 21. EGA vs. EGO as a function of shape. 
 
 
Grasp Duration 
 
 The mean grasp duration and relative duration to the MGA for each object 
was calculated for each subject’s trial data and then averaged across subjects. The 
results are reported in Table 5 below. The 5cm trapezium produced the fastest mean 
grasp duration and the 6cm trapezium the slowest. The maximum averaged 
difference between conditions was less than 10ms. This is also approximately the 
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standard deviation of the duration, highlighting that participants did not modulate the 
speed of the grasp depending on condition. The 7cm trapezium produced the longest 
relative duration to the MGA and the 6cm square shortest. This data suggests the 
relative time the MGA occurs within a grasp may be affected by the object. As a 
large number of trials were discarded from this analysis due to the poor ability to 
capture the onset of the grasp this would be an interesting factor to follow up for a 
subsequent study. 
 
Table 5 
Mean Grasp Duration and Relative Duration to the MGA 
 
 
Object              Grasp Duration (ms)  Relative Duration to MGA (%) 
 
                             M           SD             M                            SD 
Tri. 5cm 85.16 11.53 86.98 8.30 
Trap. 5cm 82.76 9.77 89.65 7.93 
Sq. 5cm 83.16 9.36 81.42 11.02 
Tri. 6cm 87.82 7.64 87.24 9.07 
Trap. 6cm 90.17 13.44 89.37 10.82 
Sq. 6cm 83.88 13.1 81.20 9.84 
Tri. 7cm 86.86 8.66 88.23 6.8 
Trap. 7cm 84.95 12.48 92.3 9.72 
Sq. 7cm 88.52 9.20 84.44 6.81 
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Discussion 
This study measured the Maximum Grip Aperture, End Grip Aperture, Grip 
Orientation at Maximum Aperture and End Grip Orientation when grasping small 
objects between index finger and thumb. The study utilised three plastic object 
shapes consisting of a triangle, trapezium and square of same height and base width 
dimensions ranging from 5cm, 6cm, and 7cm. The aim was to establish whether the 
EGA could provide further insight into the types of information people use when 
grasping an object by comparing it to the MGA. In comparison to the MGA the EGA 
is less well investigated. The results show both the MGA and the EGA increased as 
the object size increased. The MGA and the EGA also varied with the shape of the 
object, with smallest grasp for the triangle, followed by trapezium, and square. This 
corresponds to a small grasp for objects with a small index finger contact surface. As 
there was no interaction between the effect of object size and the effect of object 
shape on the grasp these two properties appear to have a straightforward linear-like 
combinatorial effect on grip aperture. The grip orientation was found not to vary 
significantly with the size or shape of the object. This result suggests that spatial 
information is of primary importance when grasping symmetrical objects with 
straightforward featural properties. 
Maximum Grip Aperture 
As the results indicate, subjects produced a larger MGA when grasping 
objects of a larger size and also those with a larger contact surface. The largest grasp 
was towards the large square while the smallest grasp was towards the small triangle. 
This result did not support the hypothesis that the MGA would increase as the digit 
contact surface size decreased. A larger MGA towards objects with a smaller index 
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finger contact surface was anticipated because it was thought a more perpendicular 
approach might allow greater planning and precision in positioning the digit onto a 
constrained area.  Of the several studies that have measured the MGA on approach to 
an object, these results agree with Bootsma et al. (1994) and Verheij et al. (2014) and 
contradict Zaal  & Bootsma (1993). The implications are discussed below. 
To begin, the result differ from those of Zaal  & Bootsma (1993), who 
reported a larger MGA and slower movement time when grasping objects with 
smaller contact surfaces. There may be a confound in their study that can explain this 
difference. Despite their claim that a larger MGA was used to plan a grip onto a 
smaller constrained area, it is possible the objects they used could provide an 
alternative explanation of their result. The fact that the ‘round’ object had a larger 
contact surface that curved along the grasping axis meant that subjects had a range of 
shorter possible distances between the thumb and finger contact surfaces, the axes of 
which did not have to pass through the COG. This is compared to the ‘oblate’ object 
where the minimum required distance between the contact surfaces was greater.  
This meant for the round object subjects may have scaled their grip relative to 
the size of the shorter distances between contact surfaces, resulting in a smaller 
MGA in comparison to the oblate object. The size and shape of the contact surface, 
as a featural accuracy constraint, may therefore not be responsible for the differences 
in the MGA size. Further study of the EGA and location of contact, including 
whether the grip passes through the COG, would provide further support for this 
alternative explanation. If the EGA is larger for the ‘oblate’ than ‘round’ objects it 
could confirm this theory. The current study has accounted for this confound by 
using stimuli that isolate for differences in contact surface size without causing 
differences in the minimum distance between digit contact points on these surfaces. 
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It does this by having participants grasp objects with parallel (as opposed to rounded) 
contact surfaces. 
Our result shares some similarity with Bootsma et al. (1994), who found a 
larger MGA and shorter movement time for larger contact surfaces. Their result 
suggests spatial accuracy may be just as important during the reach as at the end of 
the grasp, with objects requiring greater accuracy affording a more constrained grasp. 
Subjects in that study may have used egocentric spatial calculations relating their 
position in the environment to the dimensions of the contact surface such that for 
larger contact surfaces, a larger MGA may have been used to prepare for a larger 
EGA just before contact with the object. The fact that the objects differed in their 
spatial extent of the contact surface and had no distinguishing featural differences 
(unlike the curved and flat surfaces of round and oblate objects) suggests that the 
result is due to subjects forming a grasp relative to the spatial dimensions and not to 
any clear featural aspect.   This agreed with the current results, however, unlike the 
current study, they examined grasp duration and found that it was shorter when 
grasping larger size contact surfaces. Bootsma et al. suggested that a larger contact 
surface reduced the accuracy constraint and hence subjects did not need to be as slow 
and cautious in their movement when planning to make contact. Thus to compensate 
for the faster grasp they suggested that subjects opened their grip wider to increase 
chances of contact during less controlled, faster movements. The finding agreed with 
the speed accuracy trade-off.  
Because our study did not include grasp duration as a variable, future studies 
might consider investigating the speed of grasp and its relationship to the MGA size 
when grasping the current set of objects. For if the objects with the largest contact 
surface produced both the fastest grasp and largest MGA in the current study, it 
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wouldn’t be known if the MGA size was a response to the size of the contact surface 
or a response to the grasp speed.   A possible method maybe to introduce different 
speed trials where subjects grasp at normal speed, faster than normal and slower than 
normal for the different objects and test for significant differences in MGA between 
the speed trials. However if this approach were taken, a faster grasp might also result 
in a larger grip orientation at the MGA for larger objects. In our study the orientation 
was not found to differ and the grasp duration was sufficiently standard such that a 
speed accuracy trade off does not appear to be the explanation for our results. We 
find that participants make a larger grasp but this may not be due to a reduction in 
care taken to make a well-controlled grasp. 
End Grip Aperture 
It was expected that the EGA parameter might be a useful comparative 
measure to the MGA to make further conclusions about whether the MGA is based 
on spatial or featural information so that the conflicting results of earlier studies 
could be clarified. As anticipated, subjects produced a larger EGA when grasping 
objects of larger shape and size.  This result agreed with the hypothesis that the EGA 
would increase as the digit contact surface size increased, as we believed grip 
formation based on spatial properties at the end of the grasp would allow subjects to 
pick up these objects in a comfortable, ergonomic grip that may be somewhat tilted 
from vertical (see Grip Orientation below). The EGA result suggests that subjects 
were using spatial co-ordinates relating their position in the environment to the 
length of the contact surface and not the height of the centre of gravity. This accords 
with the results of Daprati and Gentillucci (1997) who found the aperture at the end 
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of the grasp to conform to the size of the object and not the visual perception of the 
Muller-Lyer illusion.  
MGA vs. EGA 
The results indicated the difference between the MGA and EGA was greatest 
for the 5cm objects and smallest for the 7cm. The difference between the MGA and 
EGA may be smallest for the 7cm object because the MGA approaches the 
maximum grip span as the object size increases. This suggests that overall the EGA 
is a better indicator than the MGA of the object properties being grasped as the EGA 
is not as restricted by the maximum grip span for larger objects.  
Grip Orientation 
The results did not support the hypothesis that the GOM and EGO would 
increase as the digit contact surface size increased. Although, the data shows a trend 
to grasp with a greater orientation for shapes with larger contact surfaces, the 
differences were not great enough to reach statistical significance. Bingham and Mon 
Williams (2011) found that the grip orientation increased for objects that had smaller 
contact surfaces. This could be due to the type of objects used in that study where 
both digits had the same size contact surface, and the type of grasp required by 
subjects, which was to grasp along the objects’ horizontal axis compared to the 
vertical axis in the current study. It could be that when grasping an object this way, it 
promotes a different anatomical response from the hand, wrist and elbow. This 
illustrates the importance of considering the mechanical constraints on grasp 
execution. The vertical grasp used in the current study was comfortable and allowed 
a large range of possible orientations. A precise and systematic grasp orientation 
does not appear important when picking up these vertically symmetric objects. 
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Grasp Duration 
As the time frame in which to grasp the object in the current experiment was 
consistent for all trials and subjects, this might have restricted the time it would 
normally take for subjects to grasp the different objects. By constraining grasp 
duration we were able to highlight the effect of contact surface size on grasp aperture 
while excluding the possibility of a speed accuracy trade off.  Future studies might 
include both a constrained timeframe and natural or exaggerated grasp duration to 
establish the interplay between accuracy and speed in a natural grasp situation. 
Spatial versus Featural Information 
Overall, the results suggest people use spatial rather than featural information 
when grasping the types of objects used in this study. Much of the evidence that 
spatial information dominates in grasping comes from patient studies where deficits 
to the dorsal stream, the brain area implicated in spatial processing, impairs the size 
of the grasp relative to the size of the object, yet patients can still perceive 
differences in object size and shape (Goodale, Milner, Jakobson & Carey, 1991; 
Milner, Dijkerman, Pisella, McIntosh, Tilikete, Vighetto & Rossetti, 2001).  Patients 
with dorsal stream damage were also unable to grip at stable locations on the object 
despite the ability to differentiate between object shape (Goodale, Meenan, Bülthoff, 
Nicolle, Murphy & Racicot, 1994).  
The emphasis of spatial information in grasping agrees with the illusion 
studies by Franz, Heese and Kollath (2009) and Aglioti, DeSouza and Goodale 
(1995) who found subjects formed a MGA relative to the actual size of the object in 
grasping tasks and not the perceived size in various perceptual based tasks. This 
implies that subjects were encoding spatial information about the size of the object in 
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terms of its location co-ordinates in space relative to the location of the subject 
grasping the object, rather than featural information about the object’s perceptual 
traits in relation to the visual scene.   
There have been few cases that suggested subjects can be deceived by a 
visual illusion when grasping a stimulus (Pavani et al., 1999; Daprati & Gentillucci, 
1997). The MGA in these instances conformed to the perceived size of the stimulus 
rather than its actual size, indicating that featural information was used to shape the 
grip. However, Daprati & Gentillucci found the end of the grasp to conform to the 
actual size of the target object and not the perceived size, thus supporting the EGA 
findings in the current study where the EGA scaled to the relative size of the object’s 
contact surface. This suggests the EGA uses spatial information about object 
magnitude at the end of the grasp allowing for a comfortable, ergonomic grip onto 
the object.  
Additionally, our study showed that despite similar featural information about 
object shape, subjects used spatial information to form a grasp. For example, the 
difference in the position of the centre of gravity between the square and trapezium is 
smaller than between the triangle and trapezium. In contrast, there is a linear increase 
in contact surface size (see Figure 6 Method). Given the results show an 
approximately linear increase in grip aperture across the three shapes, it suggests that 
subjects used spatial information about the size of the contact surface to form the 
grip aperture despite some shapes having a similar geometric feature in the COG.  
Conclusion 
In summary, this study found that the MGA and EGA both increased as the 
size of the object’s contact surface increased. This indicates that subjects used spatial 
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information to form a grip at both stages of the grasp. This relationship suggests that 
for these objects there is no obvious difference in the information used to form the 
grasp at the two stages of the trajectory. It has not been possible to establish the EGA 
as a measure providing greater insight than the MGA.  
This result does not mean there is no difference in the information used at 
different stages of a grasp. As highlighted by the conflicting results in this area of 
research, there are many factors needing to be controlled when researching grasp 
planning and execution. Because of this it may not be possible to firmly dissociate 
the maximum from the end grip aperture using behavioural studies alone. Further 
investigation into the role of spatial and featural information could involve 
neuroimaging such as EEG or MEG. This would help establish the brain regions 
involved during different phases of the grasp and may offer a different result of the 
types of information used to form a grasp from that inferred in the current study 
which made assumptions about the information used by examining the size of the 
grip relative to the object’s spatial and featural properties.  The EEG or MEG could 
help to determine whether the active brain regions whilst grasping relate to the 
regions associated with spatial and featural information found in patient studies.  
Although brain structure and function would be better highlighted using fMRI, the 
machine’s ergonomic structure with the patient lying down in a cramped space, 
would not be practical for the current experiment with its requirements to grasp 
objects whilst having brain activity recorded. 
The use of well controlled stimuli in future neuroimaging studies is 
recommended to confirm the finding that spatial information is most important when 
planning a grasp. 
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Appendix  
Instruction Statement to Participants 
     You will be grasping objects from a magnetic board positioned within arm’s 
reach. You must grasp the object with your right hand between the index finger and 
thumb on the top and base indicated by the ellipses and circles in the diagrams below.  
   
 
 
                                                      
  
   
 
     At the start of the trial you will rest your wrist on a table and touch your finger 
and thumb together at the start marker in a pincer grip. Each trial is controlled by the 
experimenter from the computer. You must listen to the cues given by the computer 
program. You will be asked to close your eyes at the start of each trial. You will then 
be told to open your eyes and when you hear a ‘ding’ sound you are to grasp the 
object and place it down on the table. You must then be ready at the start position to 
grasp the next object. You will be given a short break during the experiment. The 
duration is about 1 hour. 
 
 
 
 
 
